After remaining elusive for many years, the receptor on MHC-restricted T cells responsible for antigen/MHC recognition has now been identified by means of antireceptor mAb (1-6). Most of these antibodies were detected by their ability to inhibit the functioning of the particular monoclonal T cell population against which they were raised. However, early studies by Infante et al. (7) with polyvalent antibodies capable of stimulating cloned alloreactive T cells have now been confirmed in our own studies using both antisera and mAb (3, (8) (9) (10) . In our own studies, monovalent Fab fragments of antireceptor antibody were inhibitory (8), while several other investigators (1 1-13) have shown that inhibitory mAb coupled to Sepharose beads will stimulate the specific immunizing cloned T cell line.
mAb 3D3 final concentration 5 ng/ml. It KJ-16 culture supernatants added at 1:10 or 1 : 100 final dilution. 1 Anti-D8 serum prepared as previously described (3) and added at 1:150 final dilution.
soluble 3D3 antibody, this behavior of KJ-16 is in marked contrast to its ability to inhibit the proliferation of several other cloned T cell lines to stimulation by antigen plus self Ia, as reported previously (6, 16) and shown in Table II . Thus, we have examined the responses of several cloned T cell lines to KJ-16 and find that, of cloned lines reactive with this antibody, only D 10 responds to the soluble antibody by IL-2 secretion and proliferation.
DIO Cells Require Neither APC nor Cell-Cell Interaction in Responding to
Antireceptor Antibody. While soluble antireceptor antibody clearly activates D10 cells, it is possible that residual APC present in the culture are involved in this response. Alternatively, D10 cells may present antireceptor antibodies to one another, one cell serving to aggregate the antibody for another. To examine these questions, D 10 cells were purified from culture by FicolI-Hypaque centrifugation 3 wk after last receiving feeder cells, and then added to cultures containing 3D3 and IL-1. Both I L-2 secretion and D 10 proliferation were determined and plotted against the cell number per well (Fig. 1 ). On this log-log plot, the response is linearly related to the cell number, and the titration curve has a slope of approximately one. Thus, only a single cell type, D 10, appears to be limiting. In addition, when feeder cells are used as a source of IL-1 (Table III) , their FcR for IgG1/IgG2b recognized by mAb 2.4G2 were required for the response to rabbit anti-mouse brain sera, but not for responses to the IgG1 antibody 3D3. Thus, FcR on T or B cells do not play a detectable role in this response. To confirm the finding that cell interactions are not required for D 10 responses to 3D3, we plated D 10 cells at 0.3 cells/well in flat-bottom microtiter plates, identified cultures containing single cells in an inverted microscope, and added 3D3 plus IL-1, or medium alone to such wells. Wells were inspected daily, and the number of cells per well was recorded. Soluble 3D3, at 10 ng/ml, plus IL-1 (5%) stimulated the great majority of D 10 cells to divide for at least 3 d without further additions (Fig. 2) isolate a stimulating mAb from just 60 parent wells showing hybridoma growth; a second positive well was lost before cloning. We have now repeated this experiment with two more BALB.K mice, and have found 19 positive parent wells from a total of 560 showing growth. We have been able to clone 17 of these parent wells, and all yielded mAb that stimulate clone D10. Five of the nine cloned cell lines tested are completely inhibited by 3D3 Fab and are thus directed at an epitope on the receptor close to or identical to that recognized by 3D3, as shown in Table IV , and the response to the other four is partially but significantly inhibited by 3D3 Fab. These results stand in stark contrast to the difficulties we and other laboratories have had in raising mAb to most cloned T cell lines (2, 4, 5) . For instance, Kappler et al. (12) report screening 15,000 parent wells to obtain two antireceptor mAb. We find only stimulating mAb; we have never observed an mAb to D 10 cells that inhibited their activation by CA plus I-A k, although we have screened nearly 1,000 parent wells for such an activity.
Evidence that DIO Receptors Interact Directly with Complementary Molecules on B Cells in Inducing the Anti-DlO Antibody
Response. The unique characteristics of the D10 clone described above, namely its ability to be stimulated by soluble antireceptor mAb and its striking ability to generate antisera and mAb that will activate it via its receptor for CA plus I-A k (3), taken together with the ability of 3D3-stimulated D10 cells to activate purified resting B cells to proliferate and to secrete Ig (18) , suggested that D10 cells might stimulate B cells bearing complementary Ig receptors by a direct receptor-receptor interaction. To test this hypothesis, B cell responses to D10 cells were examined in the absence of other T cells. This was done in two ways. First, nude mice were immunized with D10 cells in the same way as BALB.K mice, and their spleen cells were harvested and fused with myeloma cells. Of 297 wells with growth, 15 primary wells were found to stimulate DI 0 cells. After a growth crisis, four of these yielded subclones that stimulated D10 ceils. We have not yet determined whether these mAb are specific for D 10 receptors, although this seems likely. Thus, nude mice will make a stimulating antibody response to the receptor on DI0 cells under conditions analogous to those in euthymic mice, and the yield of positive wells is ~1/20, although in this case the recioning efficiency was lower for unknown reasons. To more directly assess the ability of D10 cells to directly activate B ceils, 10 4 mitomycin C-treated D 10 cells were cultured with 4 x 105 purified B cells from D10-primed BALB.K mice. Supernatants of such cultures were tested for their ability to stimulate D10 cells to proliferate in the presence of IL-1. Whereas 2% (1/48) of B cell cultures without D10 cells gave significant levels of stimulation, 17 of 192 wells (8.3%) with D10 cells gave significant levels of proliferation. Of these, 15 of 17 stimulated strongly on repeat testing, and were inhibited by 3D3-Fab, while the one positive control supernatant was negative on repeat testing (Table V) .
A second experiment compared D10 cells with D8 cells, and found that the 3D3-inhibitable anti-D10 antibody response occurred using D10 cells, but not D8 cells. Thus, purified B cells can be stimulated by clone D10 cells to make antireceptor antibody in vitro in the absence of contaminating T cells. The precursor frequency of such B cells appears to be low. This is not a polyclonal antibody response, as polyclonal responses require either antigen or antireceptor antibody (18) . Finally, rats immunized with D10 cells will also produce antibodies that stimulate clone D10 cells specifically (Table VI) . While T cells are present in these rats, it seems likely that this again reflects direct receptor-receptor interaction of T and B cells across a species difference.
Discussion
The cloned T cell line D 10 can be stimulated by soluble antireceptor mAb to secrete IL-2 and, in the presence of IL-1, to increase its level of receptors for IL-2 and proliferate in response to its own IL-2 (3, (8) (9) (10) . This stands in contrast to our own experience with cloned T cell lines, and to that of other investigators. The present studies show that D 10 cells differ from other cloned lines prepared by the same technique in our laboratory, since mAb KJ-16, specific for a determinant found on receptors of-25% of T cells in most strains, stimulated D10 cells in soluble form but inhibited several other cloned T cell lines with which it reacted (all six tested herein). However, the ability of soluble antibody to activate rather than inhibit cloned T cell lines is not confined to D10; Infante et al. (7) reported antisera that stimulate cloned alioreactive T cells, and we have observed similar behavior with a second cloned T cell line, D8, as reported earlier (3) and confirmed here (Tables I and VI) . We observe no difference in the response of D10 cells to soluble or Sepharose bead-conjugated 3D3 (not shown). Both preparations stimulate to the same titer, and both require IL-1 to observe D 10 growth. A second, and perhaps related, unusual characteristic of D10 cells is their ability to induce stimulating antireceptor antibodies in vivo. As judged by our own experience over several years with numerous cloned T cell lines, and the difficulty other investigators have experienced in attempting to raise antireceptor antibodies to cloned T cell lines, this is a remarkable property of D10 cells. This is confirmed in the present experiments by the finding of a frequency of 1 hybridoma in 30 that stimulates clone D10 cells in four separate fusion experiments. That a similar frequency is observed using nude mice suggests that T cells other than D10 itself are not required for this response. This is strongly supported by the findings presented in Table V , in which B cells are stimulated in vitro by D10 cells to secrete anti-D10 antibody.
The basis for the unusual ability of D10 cells to be stimulated by antireceptor antibody is clearly the property of single cells, and does not reflect either the antibody or occult cell interactions. The cellular basis for this unusual characteristic is not known. We are presently preparing variants of D10 that respond to Sepharose-bound 3D3 but not to soluble 3D3. Comparison of the variant to the parent line may give insight into this question.
The ability of D 10 cells to activate B cells to secrete stimulating antireceptor antibodies, many (and perhaps all) of which are clearly directed at the antigenrecognizing site on the receptor, since they are inhibited by 3D3-Fab (8) , is believed to reflect a direct interaction between the receptor on D 10 cells and the complementary B cell Ig. We propose that this interaction leads to aggregation of the D10 receptor, which in turn activates D10 cells to function as Th cells. This argument is strongly supported by our previous finding that soluble 3D3 can activate D10 cells to induce B cell proliferation and Ig secretion (18) , and that this is as potent a stimulus of B cell responses as is antigen plus self Ia on the B cell surface. 3D3-Mediated stimulation of B cells is not dependent on FcR on B cells, as shown previously also for anti-D10 antisera (3 and J. Kaye, unpublished results). Thus, we believe that the production of antibody stimulatory for D 10 cells serves as a measure of direct stimulatory interactions of T cell and B cell receptors.
However, this receptor-receptor interaction should, in theory, apply to all cloned T cell lines. Why is D10 unusual in its ability to stimulate the B cells so contacted to secrete antibody and fuse to become hybridomas? The answer may lie in three unusual characteristics of D10 cells. The first is their ability to be stimulated by soluble as well as Sepharose-bound antireceptor antibody. If a Tb cell is inhibited by soluble antibody, then even if it is activated to help a B cell whose Ig is complementary to the T cell receptor and hence activates the T cell, the Th cell will be inhibited by the antibody once the B cell commences Ig secretion, and will thus stop providing helper signals. D10 cells, by contrast, will continue to be stimulated in this situation, and will continue to secrete helper lymphokines. Second, D10 secretes potent helper lymphokines upon receptor crosslinking by antibody, as determined by its ability to activate resting and xid B cells in the absence of direct cell-cell contact (18) . Furthermore, D 10 produces much more IL-2 than any other cloned T cell line we have observed. Thus, D10 is simply a more efficient Th cell than most other cloned T cell lines. In analyzing responses to phosphorylcholine, Kim et al. (19) confirmed this conclusion. Third, and perhaps most important, D 10 cells have no cytotoxic capacity, whereas most of our cloned T cell lines can kill or inhibit the growth of B lymphoma lines bearing appropriate antigen plus Ia complexes (20) (21) (22) . Recently, Lancki and Fitch (23) have shown that a cytolytic T cell line can kill a hybridoma making antireceptor antibody, while Kranz et al. (24) have shown that cells chemically coupled with antibody directed at the receptor of a cytolytic T cell are also killed by such cells. Thus, it may be especially difficult to raise mAb directed at receptors on such cells, and dead or inactivated T cells might be the best immunogen in these cases. In the case of Th cells, we find that most of the cloned lines we have produced make cytotoxic molecules, such as lymphotoxin (22, 25) or lytic lymphokine (26) . While such cells can serve as Th cells, they do so far less well than does D10 (19) . Such cytolytic, Ia-restricted T cells clearly kill activated B cells, and can be shown to suppress both specific (27, 28) (32, 39) . Thus, Ig appears to play a role in shaping the antiidiotypic T cell repertoire. Antiidiotypic T cells, in turn, may further shape both the B and the T cell repertoire through further receptor-receptor interactions (40, 41) . Having a simple and highly sensitive experimental system to explore these questions should make it easier to monitor these effects.
Summary
A murine cloned Th cell line specific for the antigen conalbumin in the context of self I-A molecules can be activated by low concentrations of soluble antireceptor mAb. By using an antireceptor mAb to shared antigenic determinants on T cell receptors, we have shown that the ability to be activated by soluble antireceptor mAb is an unusual, although not unique, feature of this cloned T cell line. This activation does not involve occult APC, FcR, or interaction between individual cloned T cells, as limiting-dilution analysis shows that individual cells of this clone will grow in the presence of the antireceptor antibody and IL-1 as stimulus. This cloned T cell line is highly immunogenic in vivo, giving rise to antireceptor antibodies that stimulate its growth in both mice and rats. This response is not dependent upon exogenous T cells. Rather, the clone directly interacts with complementary B cells, as shown by the production of mAb in nude mice, and by production of stimulating antireceptor antibodies by purified B cells cultured with cloned Th cells in vitro. Several features of this cloned Th cell line, most especially its ability to be activated, rather than inhibited, by antireceptor antibodies, may account for its striking ability to directly activate B cells bearing complementary receptors. The direct interaction of the cloned Th cell with B cells bearing complementary receptors may serve as a model for receptor-receptor interactions in the generation of both T and B cell repertoires.
